The sour cherry is an important species for European fruit processing industry. The quality of cherry products depends primarily on soluble solids content (SSC) in fruits. Thus, the fruits should be harvested when SSC and mass of fruits are the highest possible. The fruits of sour cherry of two cultivars 'English Morello' and 'Nefris' were picked six times (in case of 'English Morello') and five times (in case of 'Nefris') before date of commercial maturity, in roughly weekly intervals. Each time 200 fruits were examined for peduncle detachment force and 150 of these fruits were used for measurements of firmness and SSC. Fitting the logistic curves to collected data showed that this function is not a reliable method for prediction of mean value changes of quality attribute measured destructively. Observation of frequency distribution can, however, much better evaluate the stage of fruit development. Thus analyses of batch data distribution can help prediction of optimal harvest date.
INTRODUCTION
The expectations of industry regarding parameters of sour cherries delivered for processing are focused almost exclusively on soluble solids content (SSC), whereas the harvest date for cherries is determined by the growers on the basis of fruit colour. This practice causes that quality of harvested fruit not always fulfil the industry requirements, especially when a certain cultivar is known for low SSC (Szymczak and Płocharski, 1999) or when the temperature during growing season was lower than usual. Also the content of pigments (determining colour) depends on cultivar and season (Ben and Gawęda, 1987a and 1987b) , thus its observation can lead to false decision on harvest date. The research on various horticultural commodities showed that also other factors (e.g. localization, plant nutrition or availability of water) influence the quality of fruit. Therefore, there is a need for a method for evaluation of maturity stage, which would be reliable and independent of varying growing conditions.
MATERIALS AND METHODS
The experiment was conducted in 2002. 'Nefris' and 'English Morello' sour cherry trees were trained for mechanical harvest. The measurements were done 5 times in case of 'Nefris' and 6 times in case of 'English Morello' on days listed in Table 1 . The relative date number has been assigned to each measurement day, starting on first day of measurements of 'English Morello' (10 th of June is relative date 0). Each time 200 fruits were cut off with peduncle (from 10 trees, 20 fruits per tree) and peduncle detachment force was measured for each fruit using a digital force gauge. Then approximately 50 fruits were used for analyses of acidity and dry mass (data not presented in the current paper), and each of remaining fruits has been analysed for firmness and soluble solids content (SSC). Firmness was measured as force needed to puncture intact fruit using an Instron machine (3.2 mm diameter probe, crosshead speed 50 mm min -1 ), while SSC was determined by refractometric method in juice freshly squeezed out from particular fruit.
The dynamics of several chemical and physical processes can be described by sigmoid curve (Tijskens and Evelo, 1994) . Thus the logistic function in modification of Tijskens et al. (2001) was used to fit with obtained data. The increasing function (Eq. 1) was used for SSC values, while decreasing function (Eq. 2) was used for detachment force and firmness.
In this function C stands for quality attribute, C -∞ stands for hypothetic value of C in minus infinity time (an initial asymptote), C +∞ stands for hypothetic value of C in plus infinity time (a final asymptote), C 0 is a C value at t=0 (beginning of observations), t is time (in our case it is a relative date), while k is a function coefficient. The estimation of parameters was done using STATISTICA (data analysis software system), version 6.
RESULTS AND DISCUSSION
The logistic curves freely fitted for each attribute and cultivar (solid lines at Figs. 1 and 2) follow closely the changes of mean values of raw data. Variability of raw data let us consider obtained values of explained variance (R 2 adj in Table 2 ) as acceptable. This method of fitting is inconsistent, however, with meaning of described above C -∞ and C +∞ parameters. The variability of data within each batch is lowest at the beginning and at the end of observed quality changes (Figs. 1 and 2). Since this pattern have been theoretically confirmed as typical for any quality attribute which follows logistic curve (Tijskens and Konopacki, 2001) , one can anticipate that in t=-∞ and t=+∞ the variability within a batch (described as e.g. standard deviation) should approach zero. This means that all fruits within batch should be characterized by the same quality attribute's value, equal respectively C -∞ and C +∞ and close (or exceeding) to extremes of gathered data. In our case estimated values of these two parameters (Table 2 -first rows of data for each attribute) are far from extreme raw data values. This situation is caused by lack of measurements at very early and very late stages of fruit development and especially evident in case of 'Nefris', where C -∞ values estimated for any of quality attributes seem to be senseless (negative for SSC and multiple higher than observed extremes for detachment force and firmness). In fact p-levels of all these estimated C -∞ values are about 0.99 (data not presented), thus these thresholds (or using mathematical nomenclature -asymptotes) are not reliable. As it was mentioned earlier better fitting of logistic curve would require measurements at very early stage of development, yet they are actually impossible to realize, because fruits are very small with thin flesh and firmness and SSC cannot be measured. Also measurements at very late stage of fruits development are very difficult to conduct in commercial orchards because fruits dehydrate resulting in yield reduction and force immediate harvest.
Applying knowledge about biological variance and its effect on quality attribute dynamics (Tijskens and Konopacki, 2001; Tijskens et al., 2003) , it is justified to restrict the parameter estimation procedure by assigning to asymptote parameters a fixed values theoretically possible to obtain by all fruits in infinite time. Following this idea, further two estimations of parameters were conducted for each quality attribute and cultivar. In one of them the values of lower asymptotes (C -∞ for SSC and C +∞ for detachment force and firmness) were fixed (and equal to lower extremes of gathered data). For each cultivar the minimal value of SSC was set as 5.6%, minimal value of peduncle detachment force was set as 0 N while for firmness it was set as 0.1 N (second row for each attribute in Table 2 ). In second estimation also upper asymptotes were fixed (and also equal to observed extremes); for SSC the maximal value was set as 19.5%, for detachment force maximal value was set as 20.3 N, and for firmness maximal value was set as 45 N (third row for each attribute in Table 2 ).
Observation of estimated C 0 values reveals that in majority of attribute/cultivar cases the third method of fitting the logistic curve gives the C 0 closest to mean raw data values at t = 0. Additionally very high values of C -∞ estimated for 'Nefris' are statistically not significant (data not presented). This could indicate that fixing the C -∞ and C +∞ values (even if assumption that asymptotes are equal to observed extremes is fully justified) and estimation of other parameters of logistic curves gives the most reliable function describing changes of quality parameters within the growing season. However, the explained variance accounted for (R 2 adj ) values do not actually differ between different methods of curve fitting (except for SSC data of 'English Morello'), thus all methods from mathematical point of view are equivalent. Due to that various quality attribute changes predicted using these different functions are similarly probable. This result is less surprising when one takes into consideration that logistic curve is a representation of processes taking place in a single fruit, while in our case the curve was fitted to data gathered from several batches of fruits. Having also in mind that varying growing conditions can alter final levels of different quality attributes (e.g. SSC upper threshold), the logistic curves obtained in any of above methods cannot be a reliable tool for prediction of plausible changes of batch mean values of quality attributes.
There is, however, another way to use the gathered data for evaluation of fruit development. Research conducted on cucumbers (Schouten and van Kooten, 1998), avocado (Hertog, 2002) and apples (Tijskens et al., 2003) showed that frequency distribution of values with a measured batch is also an indicator of development stage. In order to check these observations, the frequency histograms for all attribute/cultivar cases were plotted (separately for each measurement day). Comparison of histograms for successive days (within columns at Figs. 3 and 4) reveals that distribution of data changes during season in a similar manner for both cultivars. The distribution of SSC data changes from right-skewed on first measurement days to normal-like or even left-skewed on successive days. The data for detachment force and firmness present normal-like distribution on first measurement days and change to left-skewed later on. This observation is consistent with previous observations (Tijskens et al., 2001 ) and theoretical considerations (Tijskens and Konopacki, 2001; Tijskens et al., 2003) , and therefore this pattern should repeat in different years or growing conditions. The difference between SSC and other data indicates that development of SSC is slower than of other two parameters. The lack of significant changes of distribution of firmness data between last two measurement days indicates also that this parameter is almost fully developed already. Thus for practical purpose of precise estimation of fruit development stage further analyses should focus on quality parameters later developing, i.e. SSC or peduncle detachment force.
CONCLUSIONS
Statistical equivalence of logistic functions fitted to experimental data in different ways and differences between predicted batch mean values obtained with these functions makes reliability of these methods questionable.
Observation of data distribution within a batch of fruits seems to be a reliable method for judgement of fruits maturity stage. This information combined with expert's knowledge on complex processes proceeding in fruits should ensure optimal decision on harvest date. Fig. 3 . Changes of histograms of SSC (left column), peduncle detachment force (middle column) and firmness (right column) for cv. 'Nefris' in successive measurement dates (from relative date 2 -top row, to relative date 28 -bottom row).
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